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There have been documented widespread losses of freshwater biodiversity over 
the past several decades.  Many of these losses may be due to anthropogenic causes such 
as habitat alterations, pollution, and overharvest.  Shovelnose sturgeon may also be 
influenced by anthropogenic causes and have experienced declines in population 
abundance near Nebraska.  My objectives were to first to describe the age, growth and 
mortality of shovelnose sturgeon found in the lower Platte River (LPR).  Second, I 
quantitatively evaluated similarities and differences between the Missouri River (MR) 
and the LPR fish community composition (presence-absence of species) and structure 
(abundance of species).  We used trammel nets and trotlines to collect shovelnose 
sturgeon from April through November, 2009.  Shovelnose sturgeon in the LPR had high 
annual mortality (43%) and faster growth characteristics but attained a smaller size than 
other sturgeon populations throughout its range.  I used data collected during summer 
2009 using trammel nets (both systems), mini-fyke nets (MR), seines and electrofisher 
(LPR) to compare communities between the LPR and MR and found that small-bodied 
fish community compositions were not similar between the LPR and the MR.  
Conversely, I found that large-bodied fish community compositions were similar between 
the LPR and the MR, yet using trammel net only data I found community structures were 
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not similar.  Shovelnose sturgeon, channel catfish, blue suckers, and goldeye contributed 
the most to differences in community structure differences.  The difference of abundance 
may be due in part to differences in habitat availability between the LPR and the MR. 
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Chapter 1 
 
GENERAL INTRODUCTION 
The world human population is currently close to 7 billion and is projected to 
surpass 9 billion around the year 2050 (Population 2010).  There is growing consensus 
that from around 40,000 to 50,000 years ago onward, humans have been directly or 
indirectly responsible for the extinction of all or most of the larger terrestrial animal 
species in many parts of the world (Jenkins 2003).  Global biodiversity is experiencing 
unprecedented declines in virtually all ecosystems due predominantly to anthropogenic 
processes such as the conversion of natural ecosystems to less diverse managed systems 
(e.g., farms, plantations, aquaculture), biological invasions, enhanced rates of nitrogen 
deposition, habitat fragmentation, and climate change (Naeem et al. 2007). 
Available information suggests that freshwater biodiversity has declined faster 
than either terrestrial or marine biodiversity over the past 30 years (Ricciardi and 
Rasmussen 1999, Jenkins 2003).  There are several documented cases in which the 
overall native fish faunas are in decline in places such as the Pacific Northwest (Frissel 
1993), California (Moyle and Williams 1990, Moyle et al. 1996), throughout the 
Southern United States (Warren et al. 2000), and throughout the entire United States 
(Warren and Burr 1994).   
Science can be used to not only inform rapid, effective restoration of local 
habitats, but also contiguous ecosystems can be built from scattered pieces at large scales 
to reverse losses, or at the very least, conserve existing biodiversity (Ehlrich and Pringle 
2008).  Key prerequisites for conserving biodiversity include recognizing how much 
exists and how much has been lost (Angermeier and Winston 1999).  Conservation 
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biology historically focused on single threatened or endangered species and has changed 
to encompass an ecosystem based approach (Poiani et al. 2000).  An ecosystem-oriented 
method strives for a comprehensive, multi-scale approach, in which conservation efforts 
toward biodiversity are taken (Poiani et al. 2000). 
 One species in need of conservation is the shovelnose sturgeon, Scaphirhynchus 
platorynchus, due to recorded declines in historic populations.  Much like other species, 
the shovelnose sturgeon’s decline has been attributed to anthropogenic causes such as 
habitat alteration, water contamination and overharvest (Keenlyne 1997).  The recent 
collapse and subsequent closure of the Caspian Sea fishery has lead to increased 
commercial fishing pressure on North American sturgeon species such as shovelnose 
sturgeon (Colombo et al. 2007).  Koch and Quist (2010) reported that shovelnose 
sturgeon are listed as endangered in Ohio, threatened in Texas, and as a species in need of 
conservation in 10 other states.  In Nebraska, shovelnose sturgeon are not listed as 
threatened or endangered, however biologists reported between 1-25% of historic 
population has been lost (Koch and Quist 2010). 
 The focus of my research was to assess shovelnose sturgeon from the lower Platte 
River and the associated benthic fish community on the lower Platte River and Missouri 
River near Nebraska.  My specific objectives were to: 
1) Characterize age, growth and mortality of shovelnose sturgeon in the lower 
Platte River (Chapter 2), and 
2) Assess the composition and diversity of the benthic fish community on the 
lower Platte River and Missouri River near Nebraska (Chapter 3). 
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Chapter 2 
 
AGE AND GROWTH CHARACTERISTICS OF SHOVELNOSE STURGEON 
SCAPHIRHYNCHUS PLATORYNCHUS ON THE LOWER PLATTE RIVER IN 
EASTERN NEBRASKA 
 
Introduction 
Shovelnose sturgeon Scaphirhynchus platorynchus are the most abundant 
sturgeon species in North America (Keenlyne 1997).  They inhabit large, turbid rivers 
throughout the Mississippi River Basin, including the Missouri and Platte rivers in 
Nebraska (Pflieger 1997, Carlson et al. 1985), and have been in the system for over 100 
million years (Bailey and Cross 1954).  However, shovelnose sturgeon numbers have 
been in decline over the past 100 years due to overfishing, habitat change and water 
pollution (Keenlyne 1997).  Shovelnose sturgeon are a long-lived and late maturing 
species, reaching ages of 10 – 30 years or more (Keenlyne 1997) which may be a major 
reason for population declines in that they cannot rapidly compensate, through 
reproduction, for the recent anthropogenic alterations that tend to favor other life-history 
strategies (Helms 1974, Billard and Lecointre 2001; Ludwig et al. 2002). 
The recent collapse and subsequent closure of the Caspian Sea fishery has led to 
increased commercial fishing pressure on North American sturgeon such as shovelnose 
sturgeon (Colombo et al. 2007).  In particular, Colombo et al. (2007) found that 
shovelnose sturgeon catch reached historically high levels of 60,000 kg on the Middle 
Mississippi River in 2001.  Harvest has led to increased mortality in this population of 
shovelnose sturgeon (Tripp et al. 2009).   
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Shovelnose sturgeon in the Platte River in Nebraska are no exception to fishing 
pressure and in light of the recent increase in commercial harvest in other areas of its 
range (Colombo et al. 2007), it is important for managers to understand the age and 
growth characteristics of this population.  Shovelnose sturgeon are not fished 
commercially in Nebraska, but are harvested recreationally.  Holland and Peters (1994) 
reported that shovelnose sturgeon comprise approximately 5% of the recreational catch in 
the lower Platte River, Nebraska, which makes shovelnose sturgeon important to 
recreational fishing in eastern Nebraska.  
Age, growth, and mortality information in fisheries is an essential component of 
describing population dynamics and can be used to guide management decisions 
(DeVries and Frie 1996).  For example, Quist et al. (2002) used age and growth 
information to examine the effects of different harvest scenarios to determine the best 
management strategies to preserve viable populations.  Their model predicted that all 
shovelnose sturgeon populations and size structures would exhibit lower yield with 
increased harvest.  Age and growth information has also been used in other shovelnose 
sturgeon populations and has been important in identifying population and 
metapopulation trends (Quist et al. 2002).  For instance, a longitudinal gradient of 
population characteristics such as length – weight ratios, longevity and mortality has been 
reported for shovelnose sturgeon based on age and growth information (Quist et al. 
2002).  Shovelnose sturgeon in the upper extent of their range were found to grow faster 
and have greater longevity than in the lower extent of their range (Quist et al. 2002).   
The objective of this study was to characterize age and growth parameters for 
shovelnose sturgeon in the lower Platte River.  Specifically we analyzed age structure, 
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growth (incremental growth rates, von Bertalanffy growth equations), and mortality rates 
to help characterize this population. 
Methods 
Study Area 
Fish were collected from the lower Platte River between the Loup River 
confluence near Columbus, Nebraska to the confluence with the Missouri River near 
Plattsmouth, Nebraska (Figure 2 – 1).  The lower Platte River is characterized by 
continuous but variable flows year round with a significant portion of the base flow 
coming from the groundwater-fed Loup and Elkhorn rivers (Galat et al. 2005).  This 
reach is also characterized by wide channels and shifting, sandy substrate (Galat et al. 
2005).  The Loup River Power Canal joins the Platte River near Columbus, Nebraska and 
creates drastic diel changes in water depth, water velocity, and habitat availability due to 
hydropeaking to meet power demands (Holland and Peters 1989).  The lower Platte River 
holds the furthest upstream documented shovelnose sturgeon population in the Platte 
River (Peters and Parham 2008). 
The study reach was divided into two segments: Segment 1 begins at the 
confluence of the Missouri River and continues upstream to the confluence of the 
Elkhorn River.  Segment 2 starts at the Elkhorn River confluence and continues upstream 
to the Loup River confluence.  Sites were identified as 1 km reaches delineated from the 
confluence of the Platte River with the Missouri River to the confluence of the Loup 
River power canal.  Standardized sampling targeted 20 sites downstream (Segment 1) and 
10 sites upstream (Segment 2) of the Elkhorn River confluence using a stratified random 
sampling approach each season.  Greater effort was focused on Segment 1 because a 
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previous study on the lower Platte River suggested that the majority of the sturgeon 
population was found in this segment (Peters and Parham 2008).   
Fish Calcified Structure Collection 
The use of calcified structures in fish is a widely accepted method for aging based 
on marks formed by changes in growth during alternating periods of faster and slower 
growth (DeVries and Frie 1996).  Typically, a dark, opaque band is created in the 
summer during rapid growth and a light translucent band is formed in winter during times 
of slow growth (Everett et al. 2003).  Scales, fin rays and spines are the least invasive 
structure to collect (DeVries and Frie 1996).  This is important when the species being 
studied cannot be euthanized, which is often the case for threatened and endangered 
species or species of concern like shovelnose sturgeon (DeVries and Frie 1996).  Fin rays 
and spines have been used to estimate age and growth in many species (Beamish 1981).  
Removal of a pectoral fin ray was found to influence neither growth nor survival for 
shortnose sturgeon Acipenser brevirostrum and Atlantic sturgeon Acipenser oxyrinchus 
oxyrinchus (Collins and Smith 1996).  In addition, fin ray removal has no effect on 
shovelnose sturgeon and their ability to swim or hold station (Parsons et al. 2003). 
 Pectoral fin rays were collected from shovelnose sturgeon March through May 
and September through November, 2009.  Fin rays were not collected from June through 
August because Whiteman et al. (2004) indicated that the opaque band was forming at 
this time on most shovelnose sturgeon.  Spring sampling started as soon as water 
conditions were safe for boat travel (March 19) continuing through May 31.  Fall 
sampling took place from September 1 through November 13.    
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Fish collection methods followed the techniques described by Peters and Parham 
(2008) for drifted trammel nets and trotline sampling.  All gears were deployed in likely 
sturgeon habitat (e.g., sunken sandbars; Snook 2001) within the sample site.   
Ten trammel nets were drifted in ideal sturgeon habitats at each site using 15.0-
cm bar outer mesh and 2.5-cm bar inner mesh.  Trammel nets were deployed from a boat 
and drifted for a target distance of 100 m, with a minimum distance of 75 m and 
maximum distance of 300 m.  Drift distance was determined using a global positioning 
system unit.  The trammel net was deployed perpendicular to the flow of the river.  Depth 
was collected at the start, midpoint, and stop locations of the drift.  If a net drifted less 
than 75 m, the sample was not counted. 
A series of 10 nightcrawler Lumbricus terrestris baited trotlines were fished 
overnight at each site as well.  Trotlines were fished for a maximum set time of 24 hours. 
Trotlines were 32 meters long and constructed of braided nylon rope.  O’Shaughnessy 
(3/0) hooks were tied to leaders using trotline snaps and spaced 0.3 meters apart along the 
length of the rope.  
Habitat information collected at each gear deployment location included water 
velocity, water depth, substrate type(s), water temperature, turbidity, conductivity, 
presence of woody debris or other structures, and presence of above water structures like 
overhanging trees.  These data are consistent with previous and ongoing habitat measures 
from the Platte River (Peters and Parham 2008). 
Left pectoral fin rays were removed at the point of articulation in the field using 
and were processed using techniques described by Koch and Quist (2007).  Fin rays were 
air dried and placed in individual 2.0 ml centrifuge vials with the knuckle of the spine set 
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in molding clay.  A syringe with an epoxy mixture (Epoxicure brand of resin and 
hardener - Buehler Inc.) was used to fill each vial.  The centrifuge vial was removed once 
the epoxy was completely dry.  An IsoMet Slow Speed Saw (Buehler Inc.) was used to 
remove the distal end of the epoxy encapsulated fin ray and multiple 0.8 mm cross 
sections were cut.  Cross sections were fixed to slides using a sealing agent and then 
photographed using a 12.5 megapixel digital camera connected to a 10x dissecting 
microscope.   
Each fin ray was independently aged by three readers following methods outlined 
by Koch and Quist (2007).  Digital images were imported into image analysis software 
(FishBC, Doll and Lauer 2007) for manual measurement of annuli distances.  Everett et 
al. (2003) assumed that opaque bands found in pectoral fin rays of shovelnose sturgeon 
were laid down in the summer, translucent bands were laid down in the winter, and that 
the consecutive pair of an opaque and a translucent band were formed in 1 year.  
Whiteman et al. (2004) found that although an opaque band appears to form annually on 
most fish, an opaque band can be present throughout the year so caution must be used 
when reading fin rays.  If all three readers did not agree on the age of the fish, the fin ray 
was re-read by all three readers together until a consensus could be reached. 
Reader 1 had two years of shovelnose and pallid sturgeon fin ray age 
determination experience, as well as experience aging largemouth bass Micropterus 
salmoides, smallmouth bass Micropterus dolomieu, bluegill Lepomis macrochirus, 
yellow perch Perca flavescens and walleye Sander vitreus calcified structures.  Reader 2 
had not previously determined the age of shovelnose sturgeon fin rays; however had two 
years of experience aging calcified structures from walleye and yellow perch.  Reader 3 
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had no previous experience in age determination of shovelnose sturgeon fin rays, but did 
have one year of experience aging Chinook salmon Oncorhynchus tshawytscha scales. 
Data Analysis 
 Back-calculations were performed using the Dahl-Lea method as: 
 
Where Li = length at annulus i, Lc = length at capture, Rc = fin ray radius at capture, and 
Ri = fin ray radius at annulus i.  Differences in mean back-calculated lengths and mean 
annular growth increments were analyzed in Statistical Analysis Software (SAS 2004) 
using an analysis of variance (ANOVA) when comparing river segments (i.e., Segment 1 
vs. Segment 2).  A Bonferroni correction was used to account for multiple comparisons.   
 Mortality estimates were calculated in Fisheries Analysis and Simulation Tools 
(Slipke and Maceina FAST 2001) using a catch curve approach from the age that 
shovelnose are fully recruited to the gear.  Instantaneous rate of total mortality (Z) was 
estimated with a catch curve (Ricker 1975; Van Den Avyle 1993) that assumed constant 
recruitment, constant mortality among year classes, and equal vulnerability to gear for 
fish recruited to the gear. 
Results 
A total of 1,324 shovelnose sturgeon was collected between March and November 
2009.  Readers assigned an age to 809 pectoral fin rays.  Catch per unit effort (CPUE) 
ranged from 0.24 (fish/set night) collected on trot lines in Segment 2 during fall season to 
as high as 3.5 (fish/100 m) collected in trammel nets in Segment 1 during the spring 
season (Figure 2-2).  Trammel nets were the most effective at sampling shovelnose 
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sturgeon in Segment 1 during spring (2.27 fish/100 m) and fall (3.00 fish/100m).  
Trotlines were most effective at sampling shovelnose sturgeon in Segment 1 during 
spring (2.38 fish/set night) and fall (2.24 fish/set night) (Figure 2-2).  
Fish ages ranged between 2 and 14 years with age-7 (n = 177) being the most 
abundant (Figure 2-3).  Ages 2 (n = 6) and 14 (n = 6) were the least abundant.  
Shovelnose sturgeon fork lengths ranged between 228 mm and 869 mm for both caught 
and aged fish (Figure 2-4).  A total of 13 year-classes were sampled (i.e., 1995 – 2007). 
Individual length at capture varied for shovelnose sturgeon (Figure 2-5).  Back-
calculated lengths and incremental growth rates were not significantly different between 
Segment 1 and Segment 2 (Table 2-1).  Therefore, data from both segments were pooled 
for further analysis.  Mean back-calculated lengths for each year-class show that 
shovelnose sturgeon in this population have smaller average lengths for older fish than 
younger fish (Table 2-3).  Similarly, mean growth increment at age displayed fastest 
growth for younger fish and slower growth for older fish (Table 2-2, Figure 2-6).  
Similarly, On average, shovelnose sturgeon grew to be 156 mm in their first year, 239 
mm in their second year, and it took them 10 years, on average, to reach 500 mm (Figure 
2-6).  The von Bertalanffy growth equation for shovelnose sturgeon collected in the lower 
Platte River was  (Table 2-4, Figure 2-6). 
Shovelnose sturgeon fully recruited to our gears at age-7 (Figure 2-3).  
Instantaneous rate of total mortality, Z, for age-7 and greater was 0.574 (r
2
 = 0.91), which 
converts to an annual mortality of 44% (Table 2-4, Figure 2-3).   
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Discussion 
Shovelnose sturgeon reportedly have a longitudinal gradient in both age and 
growth (Quist et al. 2002).  Fast growing, long-lived individuals are found in the upper 
reaches of their range and shorter lived individuals are found in the lower reaches (Quist 
et al. 2002).  Our von Bertalanffy growth equation for shovelnose sturgeon collected in 
the lower Platte River indicates that the lower Platte River population conforms to this 
gradient as fish from this system grow fast but attain a smaller size (Table 2-4) compared 
to other shovelnose sturgeon populations at more northern latitudes. 
Factors affecting growth (i.e., prey availability) may be negatively affected by 
flow manipulations like those seen on the lower Platte River.  Shovelnose sturgeon are 
aquatic benthivores, as their diet consists mostly of aquatic invertebrates and occasionally 
fish (Modde and Schmulbach 1977; Hofpar 1997).  Gislason (1985) reported that benthic 
invertebrate abundances were greatly reduced by diel fluctuations as compared to stable 
flow conditions.  Braaten and Guy (1995) documented the negative effects of stranding 
on a burrowing mayfly Pentagenia vittigera on the Missouri River.  Holland and Peters 
(1989) reported that the Loup River Power Canal provides between 22-67% of the entire 
flow on the lower Platte River.  Water levels from the Loup River Power Canal can 
fluctuate daily by much more than 20 cm, often leaving sandbars and banks exposed for 
periods of time and then re-flooding these areas (Holland and Peters 1994).  Shovelnose 
sturgeon are aquatic benthivores, as their diet consists mostly of aquatic invertebrates and 
occasionally fish (Modde and Schmulbach 1977; Hofpar 1997).  Therefore, it is likely 
that the forage base of shovelnose sturgeon, benthic invertebrates, are being directly 
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influenced by diel fluctuations from the Loup River Power Canal and agricultural 
irrigation withdrawals. 
Mean back-calculated lengths for each age group show that shovelnose sturgeon 
in this population have smaller average lengths for older fish than do younger fish, which 
may indicate Lee’s Phenomenon (Isely and Grabowski 2007) within this population.  
Lee’s phenomenon can be explained either by the fact that older fish have decreased 
vulnerability to predation or fishing mortality because they were slower growing 
survivors of their year-class; the sampling gear selectively catches faster growing 
individuals of the youngest ages; the aging technique is inaccurate; or the ratio of fish 
length to hard part radius varies systematically with fish growth rate (Isely and 
Grabowski 2007).  Lee’s Phenomenon was reported by Koch et al. (2009) in the Upper 
Mississippi River sturgeon populations in pools that were heavily exploited by 
commercial sturgeon fishing; whereas Lee’s Phenomenon was not present in pools with 
low to no commercial harvest.  The lower Platte River does not have commercial fishing 
pressure.  However, a previous study on catfish of the lower Platte River suggested that 
low water levels and extreme temperatures during the growing season, coupled with a 
widely fluctuating hydrograph, may have caused slow growth of that population (Barada 
2009).  Shovelnose sturgeon and channel catfish have relatively similar diets and habitat 
uses (Pflieger 1997) which could mean that the extreme environmental conditions present 
on the Platte River may also have affected the shovelnose sturgeon population in a 
similar manner. 
Mortality rates of shovelnose sturgeon are variable throughout North America and 
are most likely influenced by anthropogenic factors such as commercial harvest and 
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habitat alterations (Quist et al. 2002; Jackson 2004).  The fish in the lower Platte River 
exhibit relatively high mortality rates (43% annual mortality) compared to other 
populations (Table 2-4).  Sturgeon that had the closest annual mortality rates were found 
on the Lower Wabash (31%) and the Middle Mississippi River (42%) (Jackson 2004).  
The Lower Wabash and Middle Mississippi rivers had high commercial fishing pressure 
during the years they were studied, whereas the lower Platte River does not have legal 
commercial fishing, and yet the lower Platte River annual mortality rate is higher than 
either of those systems.  The explanation for high mortality may be a number of different 
reasons including harsh environmental conditions, emigration or illegal harvest. Abiotic 
factors or extreme environmental conditions (e.g., hydropeaking) may be influencing the 
populations older fish in that either conditions are too harsh and survival becomes 
difficult or that conditions are not suitable and older fish are emigrating.  Emigration of 
older fish may also be due to movements to suitable spawning habitats.  Another possible 
explanation for high mortality is high rates of undocumented or illegal harvest of 
shovelnose sturgeon. 
Overall determination of factors influencing age, growth and mortality on a highly 
mobile fish population, including shovelnose sturgeon can be difficult (Peters and 
Parham 2008).  Further studies documenting prey availability, movements (seasonal or at 
what age), angler surveys (recreational or illegal commercial), and understanding 
differences in gender survivability could help understand which factors are the most 
influential on this population of shovelnose sturgeon.  
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Table 2-1. Analysis of variance (ANOVA) P-values F Statistic, and Degrees of Freedom 
of tests between Segment 1 and Segment 2 testing for differences in back-calculated 
lengths-at-age for each year class. Bonferroni corrected α = 0.0036.  
 
 Year Class 
Back-calculated Lengths at Age 
 
P-value F Statistic Degrees of Freedom 
2008 0.14 2.22 1, 806 
2007 0.88 0.02 1, 806 
2006 0.41 0.67 1, 805 
2005 0.28 1.16 1, 798 
2004 0.76 0.09 1, 775 
2003 0.96 0.00 1, 691 
2002 0.29 1.14 1, 571 
2001 0.19 1.76 1, 403 
2000 0.20 1.66 1, 251 
1999 0.58 0.31 1, 134 
1998 0.42 0.66 1, 57 
1997 0.74 0.11 1,  21 
1996 0.62 0.26 1, 8 
1995 0.97 0.00 1, 4 
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Table 2-2. Analysis of variance (ANOVA) P-values, F Statistic, and Degrees of Freedom 
of tests between Segment 1 and Segment 2 testing for differences in incremental growth 
rates-at-age for each year class. Bonferroni corrected α = 0.0036.  
 
 Year Class 
Incremental Growth Rate at Age 
 
P-value F Statistic Degrees of Freedom 
2008 0.14 2.22 1,  806 
2007 0.06 3.57 1, 806 
2006 0.03 4.64 1, 805 
2005 0.47 0.53 1, 798 
2004 0.04 4.27 1, 775 
2003 0.46 0.56 1, 691 
2002 0.15 2.11 1, 571 
2001 0.67 0.19 1, 403 
2000 0.43 0.63 1, 251 
1999 0.74 0.11 1, 134 
1998 0.93 0.01 1, 57 
1997 0.74 0.11 1,  21 
1996 0.06 4.72 1, 8 
1995 0.87 0.03 1, 4 
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Table 2-3. Mean incremental annual growth rates at age (mm) for shovelnose sturgeon collected using trammel nets and trot lines on 
the lower Platte River in 2009. 
 
Year  Mean Incremental Growth Rates at Age 
Class N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
2008                
2007 1 214 120             
2006 6 202 94 65            
2005 25 182 105 90 67           
2004 87 168 96 77 71 55          
2003 127 173 89 72 67 56 48         
2002 169 158 91 70 64 55 47 41        
2001 151 154 84 67 59 52 45 38 35       
2000 120 143 78 62 55 51 47 42 37 33      
1999 77 137 81 61 56 44 45 39 36 33 31     
1998 35 142 70 46 50 42 42 38 33 30 28 28    
1997 13 132 64 53 53 39 42 37 38 37 32 27 29   
1996 4 113 54 49 43 56 44 36 25 26 28 24 34 22  
1995 6 115 58 52 49 33 29 32 32 30 31 31 28 26 25 
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Table 2-4. Mean back-calculated lengths at age (mm) for shovelnose sturgeon collected using trammel nets and trot lines on the lower 
Platte River in 2009.  
 
Year  Mean Back-calculated Length at Age 
Class N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
2008                
2007 1 214 334             
2006 6 202 297 362            
2005 25 182 288 377 444           
2004 87 168 264 341 412 467          
2003 127 173 263 334 402 457 506         
2002 169 158 249 319 383 439 485 526        
2001 151 154 238 305 364 416 461 499 534       
2000 120 143 220 282 337 388 435 476 514 547      
1999 77 137 219 279 335 379 424 463 499 532 564     
1998 35 142 212 258 309 351 393 431 464 494 522 550    
1997 13 132 195 248 301 340 382 419 457 494 526 553 582   
1996 4 113 166 215 259 315 360 395 420 446 474 498 532 554  
1995 6 115 173 225 273 307 335 367 400 430 461 492 520 546 571 
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Table 2-5. Annual mortality rates and von Bertalanffy equations for shovelnose sturgeon populations in the lower Platte River 
compared to other North American shovelnose sturgeon populations.  
 
Water Body     Total Annual Mortality von Bertalanffy equation 
Lower Mississippi River
a
 20% L t  = 730*[1 – e 
-0.213(t - 0.97)
 ] 
Middle Mississippi River
b
 42% L t = 711*[1- e 
-.3(t – 0.77)
] 
Upper Wabash River – Illinoisc 20% L t  = 825*[1- e 
-.122(t + 1.99)
] 
Lower Wabash River – Illinoisb 31% L t  = 748*[1- e 
-.22(t + 2.1)
] 
Upper Missouri River
d
 10% L t = 907*[1- e 
-0.05(t – 3.06)
] 
Lower Missouri River
e
 25% L t = 548*[1- e 
-.24(t + .14)
] 
Lower Platte River – Nebraskaf 43% L t  = 595*[1- e 
-0.532(t + 1.06)
] 
 
 
 
 
 
 
 
 
 
Annual mortality estimates and von Bertalanffy growth equation from 
a
 Morrow et al. 1998, 
b 
Jackson 2004, 
c
 Kennedy et al. 2007, 
d
 
Pierce et al 2004, 
e
 Quist et al. 2002,
 f 
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Figure 2-1. Study area on the lower Platte River including Segment 1 and Segment 2 in 
eastern Nebraska. 
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Figure 2-2. Catch per unit effort (mean± SE) for shovelnose sturgeon collected in the 
lower Platte River using trammel nets (A) and trotlines (B) in 2009 by season. 
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Figure 2-3. Age distribution and regression line representing instantaneous mortality rate 
(Z) of shovelnose sturgeon collected in the lower Platte River using trammel nets and trot 
lines in 2009. 
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Figure 2-4. Length frequency distributions for aged fish (A) and all fish (B) collected in  
the lower Platte River using trammel nets and trot lines in 2009.  
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Figure 2-5. Individual length at capture of aged shovelnose sturgeon collected in  
the lower Platte River using trammel nets and trot lines in 2009. 
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Figure 2-6. Weighted means of growth increment (± SE) and weighted means of back-
calculated lengths at age (± SE) for aged shovelnose sturgeon collected in the lower 
Platte River using trammel nets and trot lines in 2009. Equation represents von 
Bertalanffy growth function. 
L t = 595*[1-e 
-0532(age - 1.055)] 
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Chapter 3 
 
COMMUNITY COMPOSITION OF THE LOWER PLATTE RIVER AND THE  
MISSOURI RIVER NEAR NEBRASKA 
 
Introduction 
The mechanisms that shape ecological communities can be placed in two 
categories, abiotic and biotic (Jackson et al. 2001).  Abiotic factors such as climate, 
landscape geomorphology, and structural complexity can influence which species are 
able to survive in an environment (Jackson et al. 2001).  Biotic factors such as 
predator/prey interactions, and inter/intra species competition can also influence which 
species exist in a habitat (Jackson et al. 2001).  Community composition is often 
described in terms of taxa or ecological attributes.  Occurrence of particular taxa may 
reflect historical responses (i.e., speciation) or responses to environmental factors such as 
habitat suitability and biotic interactions (Angermeier and Winston 1999).  Ultimately, 
communities are likely influenced by a combination of abiotic and biotic factors as well 
as different scales (Angermeier and Winston 1998).  
Angermeier and Winston (1999) proposed that understanding community ecology 
could be used as a means to conserve local biodiversity.  Liebold et al. (2004) highlighted 
a meta-community concept called the Mass-Effects Paradigm that emphasizes spatial 
dynamics important for regional ecosystems.  This concept requires different patches to 
have different conditions at a given time and be sufficiently connected so that dispersal 
can result in source-sink relations between populations in different patches.  The Mass-
Effects Paradigm implies that there are potentially strong influences on the relation 
between local conditions and community structure (Liebold et al. 2004).  Biological 
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linkages such as migratory fish between two patches (i.e., a large mainstem river and its 
tributary) can play several important roles in each ecosystem, such as movement of 
nutrients, thus providing food-web dynamic and genetic linkages to other populations in 
the meta-community (Lundberg and Moberg 2003).   
Some researchers have recognized that movements by individuals are important in 
structuring river communities (Power et al. 1988; Freeman 1995).  Osborne and Wiley 
(1992) found that the spatial position of tributaries within the drainage network 
significantly influenced the structure of fish communities inhabiting warm-water streams 
and that frequency of disturbance and emigration–colonization dynamics are important 
mechanisms affecting the structure of stream fish communities.   
The importance of the connection between tributaries and their confluences to 
large, mainstem rivers has only recently been recognized (Moyle and Mount 2007).  
Studies of several large river fish including: channel catfish Ictalurus punctatus (Dames 
et al. 1989), blue sucker Cycleptus elongatus (Neely et al. 2009), and pallid sturgeon 
Scaphirhynchus albus (Snook et al. 2002) indicate that there is connectivity between a 
mainstem river and its tributaries.  Specifically, tributaries have an influence on aspects 
of life history.  For example Pracheil et al. (2009) found that the Niobrara River in 
Nebraska influenced a paddlefish Polyddon spathula population in Lewis and Clark Lake 
(a Missouri River mainstem reservoir) because the river still retains several aspects of a 
natural flow regime that facilitates natural reproduction.   
With the concept that tributaries may play an important role in metapopulation 
dynamics, comparisons of species composition between the Missouri River and the Platte 
River could be beneficial in understanding the differences or similarities between the two 
3
3
 
33 
 
 
systems.  The objective of this study was to characterize the similarities and differences 
of fish communities from the Missouri River near Nebraska and one of its tributaries, the 
Platte River.  Specifically, I tested the similarity of fish composition between the lower 
Platte and Missouri rivers, as well as the similarity between different reaches on each 
river.  Further, I examined which environmental variables might be driving community 
compositions. 
Methods 
Study Area 
Platte River 
The Platte River begins at the confluence of the North Platte River and the South 
Platte River at North Platte, Nebraska and drains 230,362 km
2
 of the Great Plains into the 
Missouri River near Plattsmouth, Nebraska (Galat et al. 2005).  In Nebraska, the Platte 
River is considered to have two, relatively free-flowing reaches, the central Platte and the 
lower Platte.  The central Platte extends from North Platte, Nebraska to the confluence of 
the Loup River near Columbus, Nebraska.  The lower Platte River extends from the 
confluence of the Loup River near Columbus to the confluence of the Platte River with 
the Missouri River near Plattsmouth, Nebraska (Peters and Shainost 2005).  Historical 
records indicate that irrigation from Platte River waters began as early as the 1850s 
(Carlson 1963).  Today the lower Platte River is influenced by irrigation as well as 
hydroelectric uses.  The banks of the lower Platte River have been stabilized with 
revetments and wing dikes restricting the channel to between 40% and 60% of historical 
widths and is now also covered with herbaceous vegetation and trees (Galat et al. 2005). 
Fish were collected from the lower Platte River between the Loup River 
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confluence near Columbus, Nebraska to the confluence with the Missouri River near 
Plattsmouth, Nebraska (Figure 3-1).  This reach is characterized by continuous but 
variable flows year round with a significant portion of the base flow coming from the 
groundwater-fed Loup and Elkhorn rivers (Galat et al. 2005).  This area is also 
characterized by relatively wide channels and shifting sandy substrate (Galat et al. 2005).  
The Loup River Power Canal joins the Platte River near Columbus and creates drastic 
diel changes in water depth, water velocity, and habitat availability due to hydropeaking 
to meet power demands (Holland and Peters 1989).  Sampling was divided into two 
segments: Segment 1 begins at the confluence of the Missouri River and continues to the 
confluence of the Elkhorn River and Segment 2 starts at the Elkhorn River confluence 
and continues to the Loup River confluence.  Each segment was divided into sites 
comprising 1 km reaches that were delineated from the confluence of the Platte River 
with the Missouri River to the Confluence of the Loup River power canal.   
Missouri River 
The Missouri River begins in the Northern Rocky Mountains, flows through the 
Great Plains and the Central Plains before joining the Mississippi River near St. Louis, 
Missouri.  Historically the Missouri River was a complex system of meandering, braided 
sandbar complexes (Galat et al 2005).  Today six large impoundments span the upper 
portion of the river (Galat et al. 2005).  Channelization begins below Gavins Point Dam 
near Sioux City, Iowa and continues to the confluence of the Missouri River with the 
Mississippi River.  The Missouri River was divided into 12 mainstem segments by the 
US Geological Service (USGS) starting at Fork Peck Dam in Montana down to the 
confluence of the Missouri River with the Mississippi River (Welker and Drobish 2009). 
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Fish were collected in the Missouri River near Nebraska from USGS delineated 
Segments 8 and 9 by biologists from the Nebraska Game and Parks Commission (Figure 
3-1).  The upper boundary of Segment 8 is Lower Ponca Bend near river kilometer (RK) 
1,211, where river channelization begins and continues downstream to the mouth of the 
Platte River (RK 957.5).  Segment 9 begins at the confluence of the Platte River and 
Missouri River (RK 957.5) at Plattsmouth and continues downstream to the confluence of 
the Kansas and Missouri rivers (RK 590.6) at Kansas City, Missouri.   
Fish Data 
I used data gathered concurrently by multiple research crews.  All data analyzed 
were collected during summer (July – August) 2009.  Summer was selected because 
fishes in both systems are believed to exhibit less movement at this time (Sappington et 
al. 1998).  Therefore, assessing fish communities at this point in time should highlight the 
degree of connectivity among basic diversity metrics.  All sampling gears have an 
inherent size bias (Hayes et al. 1996) and multiple gears were used during this study as a 
means to get information on diversity.  This multiple gear approach led me to separate 
some analyses into large- and small-bodied fish to account for at least some of the gear 
biases.    
Large-bodied Fish Collection 
Standardized sampling on the lower Platte River targeted 20 sites below (Segment 
1) and 10 sites above (Segment 2) the Elkhorn River confluence using a stratified random 
sampling approach (Table 3-1).  Effort was focused on Segment 1 because a previous 
study on the lower Platte River suggested that the majority of the sturgeon population 
was found in this segment (Peters and Parham 2008).   
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The Missouri River Pallid Sturgeon Assessment Team conducts a community 
study during the summer months.  The fish community season begins July 1
st
 and 
continues until water temperatures drop below 12.7
o
 C in the fall.  Data used for the 
purpose of this study were all taken between June 1
st
 and September 1
st
 to coincide with 
the summer sampling season of trammel net data taken on the Platte River.  
Ten trammel nets were drifted per site on the lower Platte River and Missouri 
River in ideal sturgeon habitats at each site using 15.0-cm bar outer mesh and 2.5-cm bar 
inner mesh.  Trammel nets were deployed by boat and drifted for a target distance of 100 
m, with a minimum distance of 75 m and maximum distance of 300 m.  Drift distance 
was determined using a global positioning system unit.  The trammel net was deployed 
perpendicular to the flow of the river.  Depth was measured at the start, midpoint, and 
stop locations of the drift.  If a net drifted less than 75 meters, the sample was not 
counted. 
Small-bodied Fish Collection 
 Fishes smaller than 300 mm were targeted and collected in the same manner as 
Peters and Parham (2008) on the Platte River, and as the Pallid Sturgeon Assessment 
Team on the Missouri River (Steffensen and Hamel 2006).  Mini-fyke nets were used on 
the Missouri River while seines were used on the lower Platte River.  Seines were used 
on the lower Platte River in lieu of mini-fyke nets due to the lower Platte River’s constant 
shifting, sandy substrate preventing anchoring and causing the gear to become laden with 
sand as suggested by Hubert (1996).  Ickes and Burkhardt (2002) found that mini-fyke 
nets and seines collected similar fish species on the Mississippi River as part of the Long 
Term Resource Monitoring Project.  Therefore, seines were used as a surrogate to mini-
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fyke nets on the lower Platte River due to limitations of sampling with mini-fyke nets on 
the lower Platte River and the effectiveness of seines.  
Seines were used to sample shallow water habitats near sandbars and had 3.2 mm 
mesh and were 6.1 m in length.  Seine hauls were performed at ten random sites in 
Segment 1 and five random sites in Segment 2 in proportion to concurrent trammel net 
sampling on the lower Platte River.  Five sub-samples were collected at randomly 
selected exposed sandbar habitats within each site.  Two seine hauls per sub-sample was 
the minimum effort.  A third haul seine was added as time allowed (Table 3-1).  Habitats 
near exposed sandbars where there was a shallow drop and along exposed sandbars 
where there was a steep drop were targeted.  Near-bank habitats were initially targeted 
but sampling was not possible due to swift, deep currents created by stabilized banks and 
revetments.  Seine hauls were conducted in half-circle pulls while one person anchored 
the seine on shore and the other person fully extended the seine (parallel to shore).  The 
second person walked in an arc of 180 , while they maintained a fully stretched seine 
until nearing the shore.  Area swept was a semicircle as 1/2( r
2
), where radius was 6.1 m.  
Care was taken to ensure that the lead line was always in contact with the substrate and 
that the seine did not get entangled or snared.  If a seine haul was compromised by 
snares, entanglements or the lead line was lifted from the bottom, the haul was considered 
incomplete and a new upstream location was found to replace the effort. 
On the Missouri River, mini-fyke nets were used to target small-bodied fish with 
specifications that are similar to those used by the Long Term Resource Monitoring 
Program (Gutreuter et al. 1995).  Nets were constructed of 3 mm nylon mesh.  When 
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fully extended the frame and the cab are 3 m long.  Mini-fyke nets were set so the top of 
the cab was at or just above water level while the throat was completely submerged.  Nets 
were set in the afternoon and collected the following day for a maximum set time of 24 
hours (Table 3-1).   
Supplemental fish collection – lower Platte River 
Electrofisher data from a concurrent catfish study on the lower Platte River 
(Blank, UNL, unpublished data, Barada 2009) were also used to evaluate the fish 
community.  Electrofishing was conducted using a cataraft equipped with a MBS-2D 
Wisconsin box powered by a 3500 W/240 V generator to provide pulsed-DC current.  
Anode poles, equipped with steel cable droppers, were attached to the front of the 
pontoons on the cataraft.  A cathode array was positioned at the mid-section of the 
cataraft where cable droppers hung between the pontoons to contact water.  
Electrofishing was conducted in a downstream fashion, sampling bank habitat and any 
available in-stream structure.  Five, 10-minute electrofishing runs were conducted at each 
site for both high (60-Hz) and low frequency (15-Hz) pulsed DC current (Table 3-1).   
Data Analysis 
 Community composition refers to the presence of species, and structure refers to 
the abundance of species (Chick et al. 2006).  Both community composition and structure 
were analyzed when possible because the composition between two sites, segments or 
systems may be identical, but the structure may be considerably different (Chick et al. 
2006).  Therefore, I analyzed the trammel net data using both presence-absence and 
species abundance among segments and systems because the data were collected in the 
same protocol on both Rivers.  Species data collected using seine, mini-fyke net, and 
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electrofisher could only be analyzed for presence-absence due to the difference in 
collection method, effort, and size biases. 
Diversity was assessed by using the Simpson diversity index and Shannon-Weiner 
diversity index for each site.  The Simpson diversity index and Shannon-Weiner diversity 
index both account for species richness and evenness.  However, the Simpson diversity is 
more sensitive to rare species in the community and is bounded by 0 and 1 (Peet, 1974). 
The Simpson’s measure of concentration is calculated as:  
 
Where D= Simpson’s measure of concentration, 1-D=Simpson’s diversity index, 
s=number of species, pi = proportion of total sample represented by the ith species.  The 
Shannon index is influenced by abundance of species and can be interpreted as a 
weighted mean of the proportional abundances (Peet, 1974).  Values for Shannon index 
typically fall between 1.5 (low species richness and evenness) to 3.5 (high species 
evenness and richness) and is calculated as: 
 
Where S= number of species, pi = proportion of total sample represented by the ith 
species.  The diversity index data were used to compare diversity between segments in 
both the Platte River and the Missouri River using General Linear Model (GLM) Least 
Square Means in Statistical Analysis Software (SAS 2004). 
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Community composition was analyzed using Plymouth Routines In Multivariate 
Ecological Research (PRIMER-E) (Clarke and Gorely 2005).  Species catch data using 
trammel net, mini-fyke net, seine and electrofisher data were transformed to presence-
absence and then converted to a Euclidian distance matrix.  A Euclidean distance matrix 
was used because it is based on simple geometry as a measure of the distance between 
two objects in multidimensional space, which is appropriate when dealing with presence-
absence data (Quinn and Keough 2002).  The Euclidian matrix was then used to conduct 
an Analysis of Similarity (ANOSIM) among segments and gear.  Analysis of Similarity 
(ANOSIM) is a multivariate analog to analysis of variance where an R statistic close to 
zero indicates high similarity, while an R statistic close to 1 indicates low similarity.  The 
Euclidean matrix was also used to construct Non-metric Dimensional Scaling (NMDS) 
graphs for visual representations of community compositions.  The stress values on the 
NMDS graphs indicate the reliability of the representation of the graphs (Clarke and 
Gorely 2005).  A stress value <0.1 corresponds to an ordination plot that represents the 
relation of the data points.  A stress value ranging from 0.1 to 0.2 still gives a potentially 
useful graphic representation; whereas, stress > 0.2 should not be used for graphic 
interpretations (Clarke and Gorely 2005).   
Trammel net data were collected in a similar manner in both river systems that 
allowed me to assess community structure for large-bodied fish.  The abundance data 
were square-root transformed prior to calculating a Bray-Curtis similarity matrix.  A 
Bray-Curtis similarity matrix was used because it accounts for differences between two 
values (i.e., sites and species).  I then conduct an ANOSIM and NMDS plots among 
systems and segments using the Bray-Curtis data and.  I also used the abundance data to 
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conduct Species Contributions to Similarity (SIMPER) to understand which species were 
contributing to species composition for each segment and river system (v.6; Primer-E 
Ltd. 2005). 
Habitat measurements that were consistently taken at each site included depth and 
discharge.  These measurements were used to construct a Euclidean distance matrix after 
being normalized.  This matrix was then used in conjunction with the biotic community 
matrices using the BIOENV procedure in Primer (v.6; Primer-E Ltd. 2005) to determine 
if any of the environmental factors helped define community composition. 
Results 
 A total of 24,120 fish representing 72 species was caught from the Missouri and 
Platte rivers in the summer 2009 (Figures 3-2, 3-3, 3-4).  A total of 11,195 fish was 
collected from the Platte River.  Segment 1 of the Platte River yielded 6,518 fish from 52 
species while Segment 2 had 4,677 fish from 42 species.  The most abundant fish species 
sampled from the Platte River were red shiners Cyprinella lutrensis (n=2,815), channel 
catfish Ictalurus punctatus (n=1,551) and shovelnose sturgeon Scaphirhynchus 
platorynchus (n=1,378).  A total of 12,925 fish was collected from the Missouri River.  
Segment 8 had 5,598 fish from 49 species and Segment 9 had 7,327 representing 48 
species.  The most abundant fish species collected from the Missouri River were 
smallmouth buffalo Ictiobus bubalus (n=3,777), shovelnose sturgeon (n=1,851) and 
emerald shiner Notropis atherinoides (n=722).  
 Simpson diversity indices were significantly different between the lower Platte 
and Missouri rivers (P = 0.0024).  Segments 1 and 2 of the lower Platte River and 
Segment 8 of the Missouri River were not significantly different in diversity of fish 
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collected.  However, Segment 9 exhibited lower diversity than both Segments 1 and 2 of 
the lower Platte River and Segment 8 of the Missouri River (Table 3-2, Figure 3-5).  The 
mean Simpson diversity index number was 0.70 (+/- 0.02) for Segment 1, 0.79 (+/- 0.01) 
for Segment 2, 0.73 (+/- 0.06) for Segment 8, and 0.49 (+/-0.07) for Segment 9.   
Shannon-Wiener indices between the lower Platte and Missouri rivers were not 
significantly different (P = 0.449), however segment differences were present (P = 
0.0026).  Segment 2 of the Platte River and Segment 8 of the Missouri river showed 
significantly greater number of species than Segment 9 of the Missouri River (P = 
0.0097; P = 0.0002) (Table 3-3, Figure 3-5).  The mean Shannon-Wiener diversity index 
number for each of the four segments were as follows; 1.66 (+/- 0.07) for Segment 1, 
1.70 (+/- 0.06) for Segment 2, 1.98 (+/- 0.19) for Segment 8, and 1.23 (+/- 0.20) for 
Segment 9.   
Species Composition (all gears) 
The species composition ANOSIM between rivers, using all gear data, indicates 
there was a relative difference between the lower Platte River and Missouri River 
community composition (R = 0.118; P = 0.002).  Therefore, I analyzed differences 
between segments within each river separately.  Segment 8 and Segment 9 (Table 3-4) of 
the Missouri River had the most similar fish community composition (R = 0.002, P = 
0.358), while Segments 1 and 2 of the Platte River were also similar (R = 0.046, P = 
0.144).  Segment 2 of the Platte was similar to Segments 8 (R = 0.037, P = 0.12) and 9 
(R= 0.119, P = 0.08) of the Missouri River; whereas, Segment 1 of the Platte River 
showed a significant difference in community composition from both Segments 8 (R = 
0.144, P = 0.003) and 9 (R = 0.234, P = 0.001).  Presence-absence of species collected 
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using all gears shows that there is some separation among rivers and segments for small-
bodied fishes indicating a difference in composition; however, the NMDS plots suggest 
large-bodied fish composition was similar based on the close proximity of the data points 
(Figure 3-6). 
The ANOSIM using presence-absence data for fish collected using seines on the 
lower Platte River and using mini-fyke nets on the Missouri River were significantly 
different (R = 0.611, P = 0.001) yet within river similarity for Segments 1 and 2 on the 
lower Platte River (R = 0.101, P = 0.780) and for Segments 8 and 9 of the Missouri River 
(R = 0.160, 0.220) were not different (Table 3-5; Figure 3-7).   
The ANOSIM using presence-absence data for fish collected using only trammel 
nets in both the lower Platte and Missouri rivers indicates there is no significant 
difference between the two systems (R = 0.24, P = 0.001).  The differences in community 
composition between the segments on both the lower Platte and Missouri rivers show that 
large river fish species overlap in presence-absence (Table 3-6; Figure 3-8).   
Species Structure (trammel net) 
The ANOSIM using trammel net data indicates that fish abundances among 
segments in the lower Platte and Missouri rivers were significantly different (R = 0.344; 
P = 0.001); therefore I analyzed differences between segments.  The only segments that 
were similar for trammel net abundance data were Segments 8 and 9 from the Missouri 
River (R = 0.089; P = 0.125) (Table 3-7).  Figure 3-9 graphically displays the differences 
between Segments 1 and 2 of the lower Platte River, where data points are somewhat 
clustered by segment, as well as the similarities (e.g., no clear groupings) between 
Segments 8 and 9 of the Missouri River. 
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The fish species that contributed the most to dissimilarity between the lower 
Platte and Missouri rivers were; blue suckers Cycleptus elongatus (23%), shovelnose 
sturgeon Scaphirhynchus platorynchus (14%), goldeye Hiodon alosoides (8%), and 
channel catfish Ictalurus punctatus (8%).  Blue sucker abundances were highest in the 
Missouri River, with very few caught in the lower Platte River (Table 3-8, Figure 3-10).  
Shovelnose sturgeon were found throughout both the Missouri and the lower Platte 
rivers, however their abundances were higher in the Missouri River (Table 3-8, Figure 3-
10).  Goldeye were also found mostly on in Segments 8 and 9 on the Missouri River, and 
Segment 2 of the lower Platte River (Table 3-8, Figure 3-10).  Channel catfish were 
found throughout both the lower Platte and Missouri rivers, with highest abundances in 
Segment 2 of the Platte River and Segment 8 of the Missouri River (Table 3-8, Figure 3-
10). 
Attempts to tie fish community information with habitat measures gathered at 
each gear deployment were largely unsuccessful.  Depth (correlation = -0.034) and 
discharge (correlation = 0.144) or both combined (correlation = 0.167) had no 
measureable influence on delineating community composition.   
Discussion 
Our data suggest that while there are many similarities in the species found in 
both rivers, there are some fundamental differences between lower Platte River and 
Missouri River fish community composition.  The differences in the presence or absence 
of several small-bodied fish had the most influence on the community composition 
(Figure 3-6).  Red shiners and river shiners Notropis blennius were found throughout 
both Segments 1 and 2 of the lower Platte River and Segment 8 but were found in few 
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locations in Segment 9 of the Missouri River.  Emerald Shiners Notropis atherinoides 
were found throughout the segments of the Missouri River, but were found in low 
numbers on the lower Platte River. Plains minnow Hybopsis amblops were found in 
throughout Segment 9 but found in few locations in Segment 8 of the Missouri River and 
few locations in both segments of the lower Platte River.  Our data suggest differences in 
structure as well where we could assess such data.  For example, our trammel net 
abundance data show blue suckers were more abundant in the Missouri River than the 
lower Platte River during summer 2009 (Figure 3-10).  However, within system 
communities appear to be similar as expected.  This was the expected outcome because 
the lower Platte River and the Missouri River have much different habitat and flow 
regimes.  The Missouri River in Segment 8 and 9 is completely channelized and has 
structures (e.g., wing dikes, bank revetments) to maintain depth and high flows for 
navigation as well as being influenced by water releases from Gavins Point Dam 
upstream (Pegg and Pierce 2002, Galat 2005).  The lower Platte River has been altered as 
well (e.g., bank revetment, diel hydropeaking, irrigation withdrawls), but it still maintains 
sandbar complex habitats within the channel.  This could be the reason for the differences 
in small-bodied fish community composition between the lower Platte and the Missouri 
rivers because different habitat and flow regimes influence which species are able to live 
in a system (Poff and Allen 1995). 
Conventional theories predict that diversity would be greatest in the downstream 
locations of the areas we studied.  However, the Simpson and Shannon-Weiner diversity 
index estimates did not increase moving downstream as expected.  Rather, we observed 
greater diversity index numbers for both the upper segment (Segment 8) of the Missouri 
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River and Segment 1 and Segment 2 of the lower Platte River compared to Segment 9 on 
the Missouri River.  The River Continuum Concept (Vannote et al. 1980) would predict 
the more productive system would be downstream and therefore more complex and 
diverse.  Similarly, our results contradict the Serial Discontinuity Concept (Ward and 
Stanford 1983) that states nutrient inputs as well as the biotic community should be reset 
downstream of an impoundment meaning there would be a longitudinal increase in 
diversity moving downstream from the impoundment.  Here, we would have predicted 
that Segment 8 would have the lowest diversity index values rather than Segment 9 
because it is closest to a dam.  Pegg and Pierce (2002) however found that Segments 8 
and 9 of the Missouri River differed from reaches further downstream.  This result may 
suggest the effects of the impoundment may actually extend downstream beyond our 
study area.  Further, it is possible this study did not look at a large enough scale, because 
river reaches do not exist simply as a habitat patch at the bottom of a basin; rather they 
are patches along a hierarchical branching river network that continues both upstream and 
downstream (Homans 2006) and their connectivity is often dynamic and quite complex.  
It may also be possible that all species present in the study area were not sampled by the 
gears used in this study.  Temporal limitations of having only one season of data may 
also contribute to the findings of this study.  
Trammel net data showed a difference when analyzed using presence-absence 
data compared to the results using abundance data.  This was not entirely surprising 
because presence-absence will account for species no matter their abundance; whereas 
weighting the community structure based on relative abundances will be influenced by 
one or a small subset of dominant species.  The major differences in community structure 
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that I observed came from within the Platte River.  This was expected because Peters and 
Parham (2008) reported greater fish abundances in Segments 1.  Segments on the Platte 
River may be different enough in habitat (e.g., rapid changes in availability), or flow 
regimes (e.g., influence of hydropeaking) that cause fish abundances to be lower in 
Segment 2 than Segment 1. 
The presence and relatively high abundances of many of the same large river 
species in both systems indicates that the Platte River and Missouri River are suitable 
habitats for these fishes.  Channel catfish and shovelnose sturgeon were found throughout 
all four segments.  Shovelnose sturgeon that were tagged in the Missouri River were 
frequently collected on the lower Platte River throughout the 2009 sampling season (M.J. 
Hamel, UNL, personal communication) implying shovelnose sturgeon are moving 
between the Missouri and lower Platte rivers.  A study of catfish on the Platte River has 
revealed that tagged catfish from the lower Platte River have moved into the Missouri 
River indicating this large river species is using both systems (A. Blank, UNL, personal 
communication).  While I have reported some differences in community composition and 
structure, there does appear to be a considerable overlap as well.  The overlap of species 
composition in the communities found in both the lower Platte and Missouri rivers 
suggest that the communities likely function as a meta-community.  That is, a group of 
local communities linked by dispersal of multiple interacting species (Wilson 1992).  The 
larger, more mobile species such as shovelnose sturgeon, channel catfish and blue 
suckers could act as biological linkages between local communities (Lundberg and 
Moberg 2004).  While we know from previous studies these large-bodied species are 
highly mobile, even the smaller, less mobile species are linked with community 
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interactions by competing for forage and as potential prey sources in the trophic web 
structure.  For example, red shiners Cyprinella lutrensis and sand shiners Notropis 
stramineus, two of the most abundant small species in both the lower Platte and Missouri 
rivers, forage on juvenile and some adult aquatic insects (Pflieger 1997).  They could be 
both a source of competition for resources and themselves be a prey source for 
shovelnose sturgeon and channel catfish.  Therefore large- and small-bodied fish are 
likely linked in that large-bodied fish are moving between local communities interacting 
with small-bodied fish potentially with competition or predator/prey dynamics. 
In closed, local communities, the lack of biological linkage species is likely to 
lead to decreased stability of the local community and, potentially, of the ecosystems in 
which they occur (May 1973; Pimm & Lawton 1978).  Dispersal among individuals from 
different communities, yet part of a meta-community with higher regional biodiversity 
may provide a more stable community composition and structure (Mouquet et al. 2002) 
through phenomena like source-sink dynamics (i.e., tributaries and mainstem river 
systems) that may facilitate connectivity of metapopulations.  These linkages may also 
serve as source populations for recolonization and maintaining genetic diversity (Skalski 
et al. 2008).  A riverscape view of the communities I have studied and other similar 
systems provides a useful context for thinking about fish community ecology because 
fish often have different life history stages that require movement within a connected 
river network (Schlosser 1991, Fausch et al. 2002).  This connection could be important 
for both the Missouri and lower Platte River in that they are both altered river systems 
and may need the inter-connectedness to maintain a functional fish community. 
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This study was a first attempt to quantify the similarities and differences of the 
Missouri River with the Platte River, one of its many tributaries.  Tributaries have only 
recently garnered interest in how they interact with their mainstem (Moyle and Mount 
2007).  In terms of the rapid decline in freshwater biodiversity (Ricciardi and Rasmussen 
1999, Jenkins 2003), this study sheds light on the fact that these systems may be 
connected in ways we as yet do not fully understand.  I would suggest standardized 
sampling of both the fish and habitat in the Missouri River and lower Platte River to 
understand the complex dynamics that link and shape the fish communities in these 
systems.  Similarly, efforts expanding to other tributaries to the Missouri River (e.g., 
Niobrara and Kansas rivers) or other river systems would provide valuable insight into 
understanding the complexity of these riverscapes. 
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Table 3-1. Sampling effort for trammel nets, seines, and electrofishing on the lower Platte River and trammel nets and mini-fyke nets 
on the Missouri River between June 1, 2009 and September 1, 2009. 
 
 Trammel Net Seine Mini-Fyke Net Electrofish 
Platte 1 20 sites / 200 net deployments 50 subsample / 145 pulls 0 60 subsample / 1,200 minutes 
Platte 2 10 sites / 100 net deployments 25 subsample / 75 pulls 0 30 subsample / 600 minutes 
Missouri 8 15 bends / 90 net deployments 0 15 bends / 2160 hours deployed 0 
Missouri 9 10 bends / 60  net deployments 0 10 bends / 1440 hours deployed 0 
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Table 3-2. General Linear Model P-values for Simpson Diversity Index for Segments 1 
and 2 of the lower Platte River and Segments 8 and 9 of the Missouri River.  Segments 
were tested post hoc with a pair wise comparison. Bonferroni corrected α = 0.0125. 
 
 
 
Simpson 
 P-values F-Statistic Degrees of Freedom, 
 
Platte River vs. Missouri River 0.0024 9.67 1, 102 
 
Segment1 vs. Segment 2 0.0938   
 
Segment1 vs. Segment 8 0.5654   
 
Segment 1 vs. Segment 9 0.0002   
 
Segment 2 vs. Segment 8 0.3743   
 
Segment 2 vs. Segment 9 0.0001   
 
Segment 8 vs. Segment 9 0.0002   
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Table 3-3. General Linear Model P-values for Shannon-Weiner Diversity Index for 
Segments 1 and 2 of the lower Platte River and Segments 8 and 9 of the Missouri River. 
Segments were post hoc tested with a pairwise comparison Bonferroni corrected α = 
0.0125. 
 
  
 
 Shannon-Weiner 
 P-values F-Statistic Degrees of Freedom, Error 
 
Platte River vs. Missouri River 0.4496 0.58 1, 102 
 
 Segment1 vs. Segment 2 0.7623   
 
Segment1 vs. Segment 8 0.0749   
 
Segment 1 vs. Segment 9 0.0136   
 
Segment 2 vs. Segment 8 0.1512   
 
Segment 2 vs. Segment 9 0.0097   
 
Segment 8 vs. Segment 9 0.0002   
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Table 3-4. Analysis of similarity (ANOSIM) results for fish communities between 
Missouri River and lower Platte River segments using trammel nets, mini-fyke nets, 
seines, and electrofisher presences-absence data from summer 2009. 
 
 
Segment 
 
Number of Species Segment 
 
Number of Species R value P value 
 
Platte 1 
 
52 Platte 2 
 
42 0.043 0.161 
 
Platte 1 
 
52 Missouri 8 
 
49 0.143 0.002 
 
Platte 1 
 
52 Missouri 9 
 
48 0.236 0.002 
 
Platte 2 
 
42 Missouri 8 
 
49 0.037 0.123 
 
Platte 2 
 
42 Missouri 9 
 
48 0.119 0.008 
 
Missouri 8 
 
49 Missouri 9 
 
48 0.002 0.363 
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Table 3-5. Analysis of similarity (ANOSIM) results for fish communities between 
segments collected using seines and mini-fyke nets using presences-absence data from 
summer 2009. 
 
Segment Number of Species Segment Number of Species R value P value 
 
Platte 1 26 Platte 2 15 0.101 0.780 
 
Platte 1 26 Missouri 8 43 0.723 0.001 
 
Platte 1 26 Missouri 9 38 0.824 0.001 
 
Platte 2 15 Missouri 8 43 0.434 0.001 
 
Platte 2 15 Missouri 9 38 0.583 0.001 
 
Missouri 8 43 Missouri 9 38 0.160 0.220 
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Table 3-6. Analysis of similarity (ANOSIM) results for fish communities between 
systems collected using trammel nets using presences-absence data from summer 2009. 
 
 
Segment Number of Species Segment Number of Species R value P value 
 
Platte 1 24 Platte 2 24 0.065 0.183 
 
Platte 1 24 Missouri 8 23 0.248 0.001 
 
Platte 1 24 Missouri 9 18 0.135 0.051 
 
Platte 2 24 Missouri 8 23 0.389 0.001 
 
Platte 2 24 Missouri 9 18 0.482 0.001 
 
Missouri 8 23 Missouri 9 23 0.102 0.068 
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Table 3-7. Analysis of similarity (ANOSIM) results for fish communities between 
segments collected using trammel nets using abundance data (fish / 100 m) and a Bray-
Curtis Similarity Matrix from summer 2009. 
 
 
Segment Segment R value P value 
 
Platte River 1 Platte River 2 0.386 0.001 
 
Platte River 1 Missouri River 8 0.342 0.001 
 
Platte River 1 Missouri River 9 0.234 0.003 
 
Platte River 2 Missouri River 8 0.630 0.001 
 
Platte River 2 Missouri River 9 0.717 0.001 
 
Missouri River 8 Missouri River 9 0.089 0.125 
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Table 3-8. Analysis of similarity (SIMPER) results for fish communities between the 
Missouri and lower Platte rivers using trammel net data from summer 2009.  Abundance 
data are reported in number of fish/100 m.  The percent contribution column indicated the 
influence each species has on describing the overall differences between fish 
communities. 
 
Species 
Platte River 
Abundance 
Missouri River 
Abundance 
Percent (%) 
Contribution 
 
Blue Sucker 
Cycleptus elongatus 0.10 0.93 22.60 
 
Shovelnose Sturgeon 
Scaphirhynchus platorynchus 0.83 1.02 13.87 
 
Goldeye 
Hiodon alosoides 0.22 0.34 8.15 
 
Channel Catfish 
Ictalurus punctatus 0.20 0.33 7.65 
 
River Carpsucker 
Carpiodes carpio 0.24 0.08 6.79 
 
Bighead Carp 
Hypophthalmichthys nobilis  0.00 0.20 5.02 
 
Common Carp 
Cyprinus carpio 0.17 0.08 4.88 
 
Pallid Sturgeon 
Scaphirhynchus albus 0.07 0.11 4.40 
 
Smallmouth Buffalo 
Ictiobus bubalus  0.09 0.10 4.14 
 
Sauger 
Sander canadensis 0.13 0.10 4.09 
 
 
6
3
 
63 
 
 
 
Figure 3-1. Study area for the lower Platte River (Segment 1 and Segment 2) and the 
Missouri River (Segment 8 and Segment 9).  Missouri River segment nomenclature taken 
from Missouri River Pallid Sturgeon Assessment Team for ease of analysis. 
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Figure 3-2. Catch per unit effort (fish/100 m) (± SE) for fish species caught on the Platte and Missouri rivers using trammel nets 
during summer 2009 
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Figure 3-3. Catch per unit effort (± SE) for fish species caught on the lower Platte River using seines (fish/ ½ arc pull) and Missouri 
River using mini-fyke nets (fish/set night) during summer 2009. 
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Figure 3-4. Catch per unit effort(fish/10 minutes) (± SE) for fish species caught on the lower Platte River using an electrofisher during 
summer 2009.
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Figure 3-5. Box plots representing Simpson Diversity (A) and Shannon-Weiner Diversity 
(B) indices for fish collected using trammel nets (TN), seines and electrofisher (E-fish) 
on the lower Platte River and data collected using trammel nets and mini-fyke nets 
(MFN) on the Missouri River near Nebraska in summer 2009.  
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2D Stress: 0.13
 
Figure 3-6. Non-metric multidimensional scale plot of species composition data collected 
using trammel nets (TN), seines and electrofisher (E-fish) on the lower Platte River and 
data collected using trammel nets and mini-fyke nets (MFN) on the Missouri River near 
Nebraska in summer 2009. Ellipses placed on graph are for reference only. 
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Figure 3-7. Non-metric multidimensional scale plot of species composition data collected 
using seines and mini-fyke nets on the lower Platte and Missouri Rivers in summer 2009. 
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Figure 3-8. Non-metric multidimensional scale plot of species composition data collected 
using trammel nets on the lower Platte and Missouri Rivers in summer 2009. 
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Segment
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Platte 2
Missouri 8
Missouri 9
2D Stress: 0.22
Figure 3-9. Non-metric multidimensional scale plot of species abundance data from  
trammel nets used on the lower Platte and Missouri rivers in summer 2009.  Line placed 
on graph for reference as a general guide to separate river communities. 
 
7
2
 
72 
 
 
Figure 3-10. Non-metric multidimensional scale bubble plots of species abundance data 
from trammel nets used on the lower Platte and Missouri rivers for blue suckers (A), 
shovelnose sturgeon (B), goldeye (C) and channel catfish (D). Larger bubbles indicate 
greater abundance than smaller sized bubbles. Lines placed on graphs for reference as a 
general guide to separate river communities. 
 
 
 
 
 
 
 
 
 
Blue Sucker Abundances
2D Stress: 0.22
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Chapter 4 
FUTURE RESEARCH CONSIDERATIONS 
Age, Growth and Mortality 
This study lays a foundation for understanding the age, growth and mortality 
characteristics of shovelnose sturgeon found in the lower Platte River.  Population 
metrics suggest no difference between sturgeon collected in Segment 1 or Segment 2 of 
the lower Platte River.  This suggests that either the segments are similar in condition or 
that the shovelnose sturgeon are freely moving between Segment 1 and Segment 2. 
 The shovelnose sturgeon in the lower Platte River have faster growth, but attain a 
smaller size than other shovelnose sturgeon populations (Table 2-4).  They were also 
found to have higher mortality than other shovelnose sturgeon populations (Table 2-4).  It 
is important that research continues on this population to examine the underlying reasons 
why shovelnose sturgeon in the lower Platte River are exhibiting these characteristics. 
 Studying movement of shovelnose sturgeon could be beneficial to understand the 
rate at which fish move between the Missouri River and the lower Platte River and if this 
is contributing to higher mortality rates.  This can be done with a mark-recapture study 
which could also be used to estimate mortality in this population to reinforce or refute the 
high annual mortality found in this study.  A creel survey of the study area could 
potentially shed light on how much of the total annual mortality of this population is due 
to fishing mortality and how much is due to natural mortality or emigration.  Therefore, I 
recommend the following: 
 Evaluate sources of mortality and if the mortality is additive or compensatory.  
Specifically information and management considerations are needed to: 
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o determine if angler harvest is causing problems.  If so, then additional 
creel, season, etc. limits should be considered. 
o determine to what extent movement to the Missouri River is part of the 
mortality estimate.     
 Understand better the interconnectedness of sturgeon populations between the 
Platte and other rivers to determine how life cycles rely on a broad riverscape of 
different habitats available. Specifically this can be done through a mark-
recapture or telemetry study. 
 Determine limitations to interpretation of age and growth data based on calcified 
structures including validation of ages, determining tolerance limits (if any) for 
aging precision and accuracy.  This could help understand if the Lee’s 
Phenomenon found in this population is real or as a result of inaccurate aging 
techniques.  Specifically management recommendations include: 
o provide necessary training to biologists by readers with experience. 
o  begin the process to validate ageing procedures by biologists. 
Associated Benthic Fish Community 
This study gives a basic understanding of the differences in benthic fish 
community composition and structure between the lower Platte and Missouri rivers.  I 
found that while there were some differences among fish community compositions, there 
were also similarities between the lower Platte and Missouri rivers and are therefore 
likely acting as a meta-population.  Identifying how these communities interact may be 
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important in maintaining fisheries in both systems.  Therefore, I recommend the 
following: 
 Standardized sampling of the fish communities including using a suite of 
gears to assess not only composition, but also community structure. 
o The standardized efforts should include, but are not limited to; 
trammel nets, seines, mini-fyke nets, trawls, electrofishers.  
o Seasonal sampling across several years to account for temporal 
differences in fish community. 
 Detailed collection of habitat information tied to the fish data collection 
will also help parse information about which life-histories of various 
species are using specific habitats or variables therein between the two 
systems.  Standardization of habitat sampling will also make it possible to 
assess which habitat variables might be influencing fish communities.    
 Expansion to other mainstem tributaries of the Missouri River to 
understand the spatial and temporal extent of the metacommunities 
represented in this study. 
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Appendix A. Reader agreement assessment. 
Agreement between all three readers for the independent aging was 3%.  Readers 
1 and 2 agreed on 21% of sturgeon ages while readers 2 and 3 agreed on 11% and readers 
1 and 3 agreed on 13% of the structures.  Agreement within 1 year between readers 1 and 
2 was 34%, between readers 2 and 3 was 24% and between readers 1 and 3 was 26%.  
Agreement within 2 years between readers 1 and 2 was 54%, between readers 2 and 3 
was 45% and between readers 1 and 3 was 45%.  Comparisons between each reader 
shows that reader 1 and 2 assigned ages greater relative to reader 3 (Figure A-1). 
Comparisons between each reader’s initial assigned ages and final consensus 
assigned ages show that readers 1 and 2 tended to assign greater ages to fish; whereas, 
reader 3 tended to assign ages less than the final consensus age (Figure A-2).  Validating 
age estimates was not possible with this study as known-age shovelnose sturgeon for this 
region do not currently exist. 
Determining age from pectoral fin rays of shovelnose sturgeon proved to be 
difficult, with fairly low reader agreement.  Other studies investigating age and growth of 
shovelnose sturgeon have similar levels of reader agreement between two readers.  For 
example, reported initial reader agreement between two readers was 13% by Whiteman et 
al. (2004) and 31.5% by Morrow et al. (1998).  
Aging of fish has been found to have a certain amount of error associated with it.  
One source for error can be associated with the structure being examined.  Whiteman 
(2004) indicated that some fin rays can have split annuli, false annuli, spawning bands, or 
imbedded rays that can lead to inaccurate age determinations.  This type of error is 
usually biased towards consistent under- or over-ageing (Campana 2001) assuming 
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conditions that created the additional marks influence the entire population.  Another 
possible source of error is in subjectivity by the readers.  This subjectivity originates with 
the preparation and interpretation of the annuli in the calcified structures, which can vary 
markedly among readers and across laboratories aging the structures from the same 
species (Campana 2001).  Each fin ray was aged in the same sequential order by each 
reader, therefore we were able to assess reader bias through time (Figure A-3).  Readers 1 
and 2 tended to read higher than reader 3 for the several hundred fish they aged.   
Ageing errors can be either random or directionally biased, reflecting some 
combination of process and interpretation error.  Imprecision (random error) can be 
estimated on the basis of replicate readings of a given set of samples.  However, all forms 
of ageing error can be quantified if the replicate age readings are from a known-age 
reference collection (Campana 2001).  In a situation where there are no known age fish 
for reference or practice it is possible to send a sample of fish to be aged to professionals 
who have extensiveexperience aging the specified calcified structure.  It is then possible 
to compare reader bias between the professionals and the new readers (Campana 2001).  
My comparisons illustrate a need to 1) begin the age validation process, and 2) ensure 
that biologists are provided some training by experienced readers to at least control for 
some errors in this process. 
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Figure A-1. Comparisons of individual reader assigned ages for shovelnose sturgeon on 
initial individual read, including a 1:1 line for reference and 95% confidence intervals.  
The regression highlights the mean reader to reader comparison. Regression line is 
extended for clarity.  All fish were collected from the Platte River in 2009. 
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Figure A-2. Comparisons of consensus age for shovelnose sturgeon from the Platte River.  
Individual reader ages were those assigned on initial attempted ageing.  A 1:1 line is 
included for reference and 95% confidence intervals bound the regression line showing 
the mean reader age to consensus age relation. Regression line is extended for clarity. 
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Figure A-3. Consensus age minus each reader’s individual age assigned. Fish were read 
by all three readers and during consensus read in the same order, starting with fish on the 
left and continuing through fish to the right. 
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Appendix B.  . Diversity indices (Shannon-Weiner and Simpson) by site for Segments 1 
and 2 of the lower Platte River and Segments 8 and 9 of the Missouri River. 
River and 
Segment Site Shannon Simpson 
River and 
Segment Site Shannon Simpson 
Platte 1 1-1 2.493 0.901 Platte 2 2-66 1.732 0.802 
Platte 1 1-2 2.011 0.802 Platte 2 2-67 1.876 0.840 
Platte 1 1-3 1.775 0.719 Platte 2 2-69 1.518 0.775 
Platte 1 1-4 2.075 0.767 Platte 2 2-71 1.679 0.798 
Platte 1 1-5 1.290 0.587 Platte 2 2-73 1.426 0.708 
Platte 1 1-7 1.579 0.744 Platte 2 2-75 2.020 0.880 
Platte 1 1-10 1.017 0.478 Platte 2 2-83 1.530 0.738 
Platte 1 1-12 2.134 0.848 Platte 2 2-84 2.159 0.863 
Platte 1 1-13 1.647 0.727 Platte 2 2-92 2.410 0.880 
Platte 1 1-15 1.295 0.560 Platte 2 2-93 1.194 0.702 
Platte 1 1-17 1.462 0.644 Platte 2 2-98 1.259 0.637 
Platte 1 1-18 1.042 0.522 Missouri 8 8-596 1.845 0.741 
Platte 1 1-23 1.593 0.734 Missouri 8 8-598 0.892 0.489 
Platte 1 1-24 1.582 0.690 Missouri 8 8-599.3 2.055 0.828 
Platte 1 1-25 2.163 0.862 Missouri 8 8-600.8 0.596 0.284 
Platte 1 1-26 1.173 0.600 Missouri 8 8-604.5 2.077 0.799 
Platte 1 1-27 1.307 0.667 Missouri 8 8-608.8 0.611 0.329 
Platte 1 1-29 2.077 0.826 Missouri 8 8-612.8 2.483 0.850 
Platte 1 1-30 2.209 0.813 Missouri 8 8-614.6 2.694 0.902 
Platte 1 1-31 1.453 0.604 Missouri 8 8-634.1 2.448 0.875 
Platte 1 1-32 2.022 0.761 Missouri 8 8-638.5 2.542 0.885 
Platte 1 1-33 1.679 0.673 Missouri 8 8-644.5 0.000 0.000 
Platte 1 1-35 1.483 0.720 Missouri 8 8-657.8 2.537 0.888 
Platte 1 1-36 2.140 0.856 Missouri 8 8-672.8 2.133 0.841 
Platte 1 1-37 1.332 0.550 Missouri 8 8-675 2.395 0.867 
Platte 1 1-38 1.500 0.768 Missouri 8 8-693.6 2.454 0.874 
Platte 1 1-39 0.712 0.284 Missouri 8 8-706.3 2.184 0.808 
Platte 1 1-40 1.460 0.689 Missouri 8 8-708 2.518 0.886 
Platte 1 1-41 2.181 0.856 Missouri 8 8-710.8 2.494 0.876 
Platte 1 1-43 1.738 0.785 Missouri 8 8-726.2 2.560 0.902 
Platte 1 1-44 1.276 0.599 Missouri 9 9-504.5 2.164 0.835 
Platte 1 1-46 1.623 0.675 Missouri 9 9-516 2.200 0.849 
Platte 1 1-48 1.255 0.570 Missouri 9 9-520.5 2.403 0.868 
Platte 1 1-49 1.686 0.775 Missouri 9 9-523.9 2.460 0.893 
Platte 1 1-50 1.905 0.717 Missouri 9 9-529 2.633 0.901 
Platte 1 1-51 2.244 0.827 Missouri 9 9-543.3 0.485 0.248 
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Appendix A Cont. 
Platte 2 2-1 1.866 0.823 Missouri 9 9-544.7 0.355 0.208 
Platte 2 2-2 1.964 0.844 Missouri 9 9-546.2 0.687 0.416 
Platte 2 2-4 1.523 0.861 Missouri 9 9-550.4 2.075 0.758 
Platte 2 2-5 1.980 0.779 Missouri 9 9-553 0.336 0.199 
Platte 2 2-6 2.104 0.801 Missouri 9 9-554.9 1.493 0.560 
Platte 2 2-11 1.640 0.783 Missouri 9 9-557 0.380 0.172 
Platte 2 2-14 1.872 0.810 Missouri 9 9-559.7 0.529 0.266 
Platte 2 2-20 1.421 0.760 Missouri 9 9-563 2.499 0.870 
Platte 2 2-21 1.628 0.767 Missouri 9 9-565 2.010 0.739 
Platte 2 2-25 1.646 0.788 Missouri 9 9-569.8 0.705 0.363 
Platte 2 2-39 2.002 0.835 Missouri 9 9-572.5 0.191 0.095 
Platte 2 2-42 0.950 0.622 Missouri 9 9-574.6 0.635 0.389 
Platte 2 2-45 1.792 0.825 Missouri 9 9-586 0.000 0.000 
Platte 2 2-46 1.541 0.737 Missouri 9 9-589 0.410 0.164 
Platte 2 2-47 1.764 0.798 Missouri 9 9-591.7 2.033 0.812 
Platte 2 2-56 1.515 0.776 Missouri 9 9-595 0.403 0.177 
 
